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TWO  WAVELENGTH,  STREAK  INTEREERCMETRY  OF  AN  IONIZED,  HEAVY  GAS 

ABSTRACT 

The  problem  of  measuring  interferometrically  both  the  mass  density 
and  the  electron  concentration  in  an  ionized  gas  req.uires  interferograms 
at  2  different  -wavelengths.  Transient  ionized  gases  can  be  examined  by 
the  method  of  streak  interferometry.  By  inserting  a  dichroic  mirror- 
divider  and  duplicate  optical  trains  with  appropriate  filters,  the  basic 
streak  interferometer  can  be  modified  to  produce  2,  simultaneous,  streak 
interferograms  at  selected  wavelengths. 
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While  the  refractivity  of  a  free  electron  gas  depends  on  the  incident 
li^t  directly  as  the  wavelength  squared,  up  to  cutoff;  the  refractivity  of 
a  neuti*al  molecule,  or  an  ion  with  several  bound  electrons,  is  relatively 
insensitive  to  wavelength.  Thus,  both  mass  density  and  electron  concentra¬ 
tion  in  an  ionized  gas  can  be  measured  if  simultaneous  interferograms  at  two 

1 

different  wavelengths  can  be  obtained.  The  sensitivity  of  the  measurement 
improves  as  the  difference  of  the  wavelengths  is  made  larger. 

2 

Figure  1  shows  schematically  how  the  basic  streak  interferometer  has 
been  modified  so  that  simultaneous  interferograans  at  different  wavelengths 
can  be  obtained.  A  dichroic  mirror -divider  with  about  85*5^  transmission  for 
the  blue  line  of  mercury  divides  the  exit  beam  of  the  interferometer.  With 
appropriate  filtering,  there  result  two  monochromatic  beams  =  ^558; 

5460A)  which  are  reflected  at  a  small  angle  to  each  other  throu^  separate 
portions  of  the  camera  lens,  thence  to  fall  on  the  rotating  mirror.  Displaced 
streak  images  can  then  be  obtained  on  the  film  drum.  Since  the  position  at 
which  the  streaks  occur  can  be  controlled  by  a  triggering  pulse  reflected 
from  one  of  the  back  faces  of  the  rotating  mirror,  two  film  strips  of  dif¬ 
ferent  spectral  characteristics  can  be  placed  on  the  drum  and  chosen  so  as 
to  have  optimum  sensitivity  at  the  wavelengths  selected. 

The  present  scheme  has  the  limitation  that  only  short  duration  phenomena, 
0<t<20|j.sec,  can  be  recorded  simultaneously  without  overlap  on  the  film 
drum.  An  alternative  method,  free  of  this  objection,  would  pass  the  beams 
throu^  separate  lenses  to  converge  on  the  rotating  mirror  at  a  larger  angle. 

Figure  2  shows  simultaneous  interferograms  of  a  cylindrical  copper  wire 
exploding  into  ambient  argon  at  I/8  atm  pressure.  Because  fringe  width  is 
smaller  in  li^t  of  the  shorter  wavelength,  the  blue  interferogram  shows  more 
clearly  the  boundary  between  the  ionized  region  and  the  external  non¬ 
conducting  flow  whose  outer  limit  is  the  head  shock  wave.  Because  changes, 
in  electron  concentrations  are  more  sensitively  rendered  in  the  li^t  of 
longer  wavelength,  the  green  interferogram  shows  more  clearly  the  weak  shock 
wave  reflected  from  the  tip  of  the  expanding  metal  vapor. 
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Complete  density  and  electron  concentration  charts  obtained  by  reducing 
simultaneous  interferograms  obtained  by  the  present  method  will  be  discussed 
in  a  subsequent  paper. 


^.'9.  SWT 

F.  D.  BENNETT 


H.  S.  BURDEN 


D.  D.  SHEAR 
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